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(54) Amphibious vehicle 

(57) An amphibious vehicle Including 

a substantially buoyant upper hull portion, 

a substantially buoyant lower hull portion having a 

vehicle frame formed for mounting an engine to 



said vehicle frame, and 

said upper hull portion is formed separately of and 
thereafter bonded to said lower hull portion to form 
an integral hull body. 
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Description 

Background of the Invention 

[0001 ] This is a continuation of application Serial No. 
07/902,660 filed June 23, 1992. 
[0002] In general, the present invention relates to an 
anphibious vehicle. More particularly, the present 
invention relates to a vehicle which may be adjusted for 
land operation and marine operation. 
[0003] Designed to operate both on land and in water, 
amphibious vehicles have been developed over the 
years. All previous attempts to mass produce such vehi- 
cles have failed because they centered around adapt- 
ing, modifying, or augmenting vehicles originally 
designed for either land or water. For example, the 
attempts have included modifying an ordinary car, truck 
or military platform in an attempt to produce a seawor- 
thy vehicle. The modified car or truck, while providing a 
vehicle which may be used both on land and in water, 
included several limitations which reduce the effective- 
ness of the vehicle during marine operation. The modi- 
fied military vehicles were constructed using hardware 
which provided an amphibious vehicle more suitable to 
marine operation than land. 

[0004] U.S. Patent No. 3,903.831 discloses an 
amphibious vehicle which may function as a nfiotor 
home on land and as a houseboat on water. The dis- 
closed vehicle includes retractable wheels and a slida- 
ble hatch panel for covering the rear wheels. The 
vehicle is converted from land operation to marine oper- 
ation by driving the vehicle into the water and manually 
shifting into a neutral gear, inserting a key and unlocking 
the wheels, engaging a switch to raise the wheels, and 
turning the key to lock the wheels in the raised position. 
An outboard prop powers the vehicle during marine 
operation. 

[0005] The disclosed vehicle may be converted 
between land and marine operation. However, the proc- 
ess is botii manually intensive and substantially time 
consuming. The operator must first drive into the water 
until the vehicle floats, and then interrupt forward 
progress to shift gears and raise and lock the suspen- 
sion. The steps must be repeated in reverse to convert 
the vehicle from marine operation to vehicle operation. 
[0006] The sliding hatch covers are included for. 
streamlining the hull and covering the rear wheels. 
While designed to improve buoyancy of the vehicle, the 
covers are prone to debris contamination and impact 
misalignment, substantially reducing the effectiveness 
of tiie covers. Furttier, the design and weight of the drive 
and suspension system yield a vehicle which is expen- 
sive to manufacture, has high maintenance costs, and 
limited economy and maneuverability. Thus, the dis- 
closed amphibious vehicle includes several features 
which substantially detract from the buoyancy of the 
vehicle, reducing efficiency and safety during marine 
operation. 



[0007] Another amphibbus vehicle Is disclosed in U.S. 
Patent Nos. 4.958,584. The disclosed vehicle includes a 
retractable suspension- and a sliding hull section for 
covering the retracted wheels. The disclosed vehicle is 

5 essentially a modification of a standard land vehicle, 
reducing the effectiveness of the performance of tiie 
vehicle during marine operation. The design of the hull 
renders the vehicle unreliable during travel in rough 
water or unexpected storm conditions. Further, utilizing 

10 a sliding hull for sealing the vehicle against water intru- 
sion risks debris contamination and impact misalign- 
ment. Debris contamination and impact misalignment 
substantially reduce the efficiency of providing a posi- 
tive seal, seriously compromising seaworthiness. 

75 [0008] The disclosed vehicle provides an amphibious 
vehicle; however, the design and weight of the front sus- 
pension and drive system yields a vehicle that is too 
front heavy to take advantage of any planing hull 
design; seriously limiting top marine speed and maneu- 

20 verability. The mechanism for suspension retraction is 
extremely complicated, increasing the cost of manufac- 
ture and maintenance. Further, the retraction does not 
Include a positive locking mechanism or otiier fail-safe 
devices to present improper suspension retractksn when 

25 operating tiie vehicle on land. 

[0009] The vehicles disclosed In the prior art each pro- 
vide an amphibious vehicle which may be converted 
between land operation and marine operation. How- 
ever, an amphibious vehicle providing substantially effi- 

30 ctent and safe operation on botii land and water ts 
desirable. A vehicle which may be convenientiy and effi- 
cientiy converted between land operation and marine 
operation is additionally desirable. A vehicle which is 
designed to withstand rough marine conditions is also 

3S desirable. A vehicle which may be automatically con- 
verted between land operation and marine operation is 
similarly desirable. Additionally, a vehicle which is oper- 
ated using the same controls during l£uid and marine 
operation is desirable. 

40 

Summary of the Invention 

[001 0] The present invention provides an amphibious 
vehicle according to claim 1 which may be efficientiy 

45 converted for effectively operating either on land or 
water. The vehicle includes many different features 
responsible for its efficacy. In one aspect, tiie present 
invention includes a land motive device and a marine 
motive device, and an engine for providing power to the 

so land and marine motive devices. A directing device 
selectively provides engine power to one of tiie land 
motive device, the marine motive device, cuid the com- 
bination of the land and marine motive devices. An 
engine management an^angemerrt defines a pair of reta- 

55 tionships of various engine operating parameters to one 
another, with one of the relationships defining engine 
operation when engine power is directed to the land 
motive device, and the otiier defining operation when 
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engine power is directed to the marine motive device. 
[001 1] In another aspect of the present invention, the 
vehicle includes an operator actuable switch for shifting 
between land operation and marine operation. By acti- 
vating the switch, the operator Initializes the conversion 
of the vehicle between land operation and marine oper- 
ation. The vehicle further includes a pressure sensing 
device for detecting the production of thrust by the 
marine motive device. When an operator activates the 
marine mode, and the pressure sensing device detects 
the production of sufficient thmst to impart motion to the 
vehicle, the engine power is automatically directed 
solely to the marine motive device. 
[0012] In another aspect, the present invention 
includes a suspension retraction device for retracting 
the suspension Into the interior of the vehicle. A secur- 
ing device secures the suspensions in either the raised 
position, or the lowered posrtioa An automatic lubricat- 
ing device fills, with a hydrophobic lubricant the space 
between opposing parts of the suspension and wheels 
which would otherwise be exposed to water during 
marine operation. 

[0013] An additional aspect of the present invention 
includes an operator actuable control for operation of 
the vehicle which is the same when engine power is 
directed to tiie land motive device as when tiie engine 
power is directed to the marine motive device. The con- 
trol includes a vehicle guiding device, which is adjusta- 
ble between a land configuration and a marine 
configuration. The guiding device may be secured in at 
least one of the land configuration and the marine con- 
figuration to prevent unintended adjustment during 
operation of the vehicle. To reduce vehicle speed during 
land and marine operation, the control also includes a 
speed reducing device adjustable between a land con- 
figuration and a marine configuration. 
[0014] In anotiier aspect, the present invention 
includes a method for converting the vehicle between a 
land configuration for land operation and a marine con- 
figuration for marine operation. To convert the vehicle 
from land to marine operation, the method includes the 
steps of manually activating an operator actuable switch 
to shift the vehicle to marine operation and guiding Uie 
vehicle into a body of water. The metiiod furttner 
includes automatically directing engine power to the 
combination of tfie land motive device and the marine 
motive device, determining entrance of the vehicle into 
the body of water, and automatically directing engine 
power only to said marine motive means. 
[001 5] To convert the vehicle from marine operation to 
land operation, the method includes the steps of manu- 
ally activating an operator actuable switch to initiate 
shifting the vehicle to the land configuration and auto- 
matically directing the engine power to the combination 
of the land motive device and the marine motive device. 
The method further includes manually guiding the vehi- 
cle from tiie body of water, automatically determining 
the egress of the vehicle from the water, and automati- 



cally directing the engine power solely to the land 
motive device. 

[0016] The amphibious vehicle of the present inven- 
tion has several advantages. After the operator acti- 

5 vates a switch, the vehicle automatically shifts between 
land operation and marine operation. Operation of the 
vehicle is continued during tiie transition between land 
and marine operation, allowing the vehicle to be driven 
or propelled forward during the conversion. The vehicle 

10 is designed for effective operation botfi on land and In 
the water, and includes various safety features prevent- 
ing unintentional conversion between land and marine 
modes. Additional features and advantages of tiie 
present Invention will be more readily apparent from tiie 

75 following detailed description when taken In conjunction 
with the included drawings. 

Brief Description of the Drawings 

20 [0017] 

FIG. 1 depicts a perspective view of an amphibious 
vehicle designed In accordance with the present 
Invention, shown witti the wheels in the lowered 
25 position. 

FIG. 2 depicts a side elevational view of the 
amphibious vehicle of FIG. 1 . 

30 FIG. 3 depicts a side elevational view of tiie 
amphibious vehicle of FIG. 1, shown with the 
wheels in the raised position and the top portion 
removed. 

35 FIG. 4 depicts a rear elevational view of the 
amphibious vehicle of FIG. 1 . 

FIG. 5 depicts a side elevational view of the drive 
system components of tine amphibious vehicle of 
40 FIG. 1. 

FIG. 6 depicts a top plan view of the drive system 
components of FIG. 5. 

45 FIG. 7 depicts a rear elevational view of tiie front 
suspension and suspension ret-action system of 
tiie amphibious vehicle of FIG. 1. shown with the 
wheels in a lowered position. 

so FIG. 8 depicts a rear elevational view of tiie front 
suspension and suspension retraction system of 
FIG, 7, shown with tiie wheels in a raised position. 

FIG. 9A depicts a top plan view of the front suspen- 
55 sion and suspension retraction system of FIG. 7. 

FIG. 9B depicts a aoss sectional view taken along 
line 9-9 of FIG. 9A, showing the secondary secure- 
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ment system. 

FIG. 10A depicts a rear elevational view of the rear 
suspension and suspension retraction system of 
the amphibious vehicle of FIG. 1, shown with the 
wheels in a lowered position. 

FIG. 10B depicts a rear elevational view of the rear 
suspension and suspension retraction system of 
FIG. 10A. shown with the wheels in a raised posi- 
tion. 

FIG. 1 1 depicts a top plan view of the steering sys- 
tem of the amphibious vehicle of FIG. 1 . 

FIG. 12 depicts a cross sectional view taken sub- 
stantially along line 12-12 of FIG. 1 1. 

FIG. 13 depicts a top plan view of the steering and 
braking systenfis of the amphibious vehicle of FIG. 
1. 

FIG. 14 depicts a block diagram illustrating the 
pneumatic control system of the amphibious vehi- 
cle of FIG. 1. 

FIG. 15 depicts a schematic diagram illustrating the 
pneumatic control system of FIG. 14. 

FIG. 16 depicts a blockdiagram illustrating the vehi- 
cle transition control unit of the amphibious vehicle 
of FIG. 1. 

FIG. 17 depicts a logic diagram showing the con- 
version of the amphibious vehicle of FIG. 1 from 
land operation to marine operatbn. 

FIG. 18 depicts a logic diagram showing the con- 
version of the amphibious vehicle of FIG. 1 from 
marine operation to land operation. 

Detailed Description of the Preferred E mbodiments 

[0018] Reference will now be made in detail to the pre- 
ferred embodiments of the invention illustrated in the 
accompanying figures. Turning now to the drawings, 
wherein like components are designated by like refer- 
ence numerals throughout the various figures, attention 
is first directed to FIGS. 1 -4. 
[001 9] An anphibious vehicle 1 0 designed In accord- 
ance with the present invention to provide a mode of 
transportation which may be efficiently utilized for both 
land operation and marine operation is shown in FIGS. 
1 to 4. Vehicle 10 includes a substantially buoyant body 
portion 12 having upper and lower hull portions 14 and 
16. In the preferred form, the hull portions 14 and 16 are 
separately formed of a buoyant, composite material, 
and then bonded together to yield an integral hull. The 



lower hull portion 16 includes a plurality of openings 18 
generally fbnmed substantially above the waterline 20, 
indicated in interr^ated lines in FIG. 2. A plurality of 
wheels 22 extend through an associated one of open- 

5 ings 18 for supporting and driving the vehicle during 
land operation. The wheels are movable between two 
positions; a lowered position for land operation, shown 
in FIGS. 1 and 2. and a raised position for nfiarine oper- 
ation, shown in FIG. 3. When in the raised position, the 

10 wheels 22 are substantially above the waterline 20. 
[0020] A ground engaging tire 24 is mounted on each 
wheel 22, and is formed with a resilient exterior side sur- 
face. As is shown particularly in FIG. 8. when the 
wheels have been moved to the raised position, the side 

75 surface of tire 24 engages the exterior of lower hull 16 
surrounding a portion of opening 18. generally indicated 
at 19. The interengagement between front tires 24 and 
lower hull portion 16 form a primary seal. 
[0021] Bellow seals, discussed below in relation to 

20 FIGS. 7 to 10B, are also preferably included to prevent 
water from entering the interior of the vehicle. Two split 
lip seals 31 and 33 are provkied at the rear opening 18 
(FIGS. 1 0A and 108). In the preferred form, a hydropho- 
bic substance such as grease is included between seals 

25 31 and 33. The seals 31 and 33 are oriented to obstiuct 
water from entering the interior drive area of the vehicle, 
while allowing excess grease to exit from the seals. The 
split lip seals and the Interengagement between tire 24 
and lower hull portion 16 provide a primary seal at the 

30 rear wheel openings. 

[0022] Since the openings are positioned above tiie 
waterline 20, the vehicle is substantially protected from 
the seepage of water into the interior. The primary seal 
formed at each opening 18 substantially prevents 

35 splashed water from entering the vehicle during manne 
operation. The interengagement between tiie hull por- 
tion and tiie tire surface and tiie provision spirt lip seals 
31 and 33 form a substantially water tight seal witiiout 
requiring other modifications of the vehicle during oper- 

40 ation. The design of the tire and hull provides a wedged 
shape area, generally indicated at 21, which forces 
debris and mud away from the wheels to prevent poten- 
tial interference witii tiie primary seat. The design of tiie 
hull, and the utilization of the wheels and split lip seals 

45 to form a primary seat effectively and eff icientiy provides 
a streamlined hull during marine operation. 
[0023] Although not shown, the vehicle may include a 
secondary sealing system, for example a sealing boot 
mounted to the interior of hull portion 14 to substantially 

so surround opening 18. One or more bilge pumps, well 
known in the art, may further be included witiiin tiie 
vehicle to remove any water leaking through the primary 
seal formed between tiie tire and the hull portion. In tiie 
preferred form, tiie vehicle 10 is divided into three sepa- 

55 rate oonrfsartments. each having a bilge pump opera- 
tional in both land and marine modes. By positioning the 
secondary seating system in tiie interior of tiie vehicle, 
the streamlined design of the hull remains intact. 
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[0024] When the wheels are raised, seating against 
the hull, front tires 24 have the additional advantage of 
providing a protective buniper. When docking the vehi- 
cle, or if the vehicle encounters a large rock or other pro- 
trusion, the tire will accept the force of the blow. Thus, if 
the vehicle contacts the obstacle from the proper orien- 
tation, damage to body portion 12 is substantially pre- 
vented by the front tires. Also, since the tires seat 
against the lower hull portion 16, the force of impact is 
isolated from the suspension and steering components. 
[0025] In the preferred form, vehicle 10 includes a 
removable top portion 26, shown particularly in FIGS. 1 
and 2. If desired, the operator may conveniently remove 
top portion 26, as is shown in FIG. 3. As is shown par- 
ticularly in FIG. 1, the vehicle is not formed with side 
doors. Rather, body portion 12 is formed as an Integral 
hull and includes slip-resistent steps 13 enabling the 
operator to conveniently enter or leave the vehicle. Han- 
dles 15 are formed along the interior rim of lower hull 
portion 16 and may be gripped by the operator when 
entering or exiting the vehicle. The front windshield 25 is 
manufactured from safety glass having a polarized 
ultra-violet radiation filter coating, and is configured to 
provide a high degree of self water shedding when the 
vehicle is operating at high speeds. A hinged rear deck 
27 provides access to the major components of the 
vehicle drive system. In the preferred form, hinged deck 
27 includes a plurality of slip resistent steps 17. provid- 
ing access to the vehicle. 

[0026] The interior of the vehicle, partially shown in 
FIG. 1 , substantially resembles the interior of a standard 
car. Passenger seating is arranged in relation to the 
other components of the vehicle to provide ideal front to 
rear weight distribution while maximizing passenger 
seating. As with the standard vehicle, the style and 
appearance of the Interior of the vehicle may be modi- 
fied in accordance with personal preference. Similarly, 
the design of the upper hull portion 14 may be modified 
in style and size. 

[0027] Various operator controls, for example a nnan- 
ually actuable steering instrument or steering wheel 28 
and a manually actuable braking instrument or brake 
pedal 30 (FIG. 2] are included for controlling operation 
of tiie vehicle. With the present invention, the operator 
uses the controls to manipulate the vehicle while In both 
the land and marine modes. The controls have various 
controlling positions which are the same when the vehi- 
cle is operating on land or in water. Specifically, the 
operator rotates the steering wheel and depresses the 
brake pedal when driving the vehicle during eltiier land 
or marine operation. This eliminates the necessity for 
separate confrol systems, each suitable only for use 
during one mode of operation. A single corrtrol system 
significantly simplifies operation of the vehicle, and 
enhances the appearance of the vehicle interior. 
[0028] In addition to the steering and brake controls, 
the vehicle 10 includes an operator actuable switch 34 
for shifting between land operation and marine opera- 



tion. With the present invention, the operator need only 
activate switch 34 and continue driving the vehicle. The 
vehicle automatically ts converted between the land and 
marine modes without further input from the operator. 
5 The actual conversion of tiie vehicle is discussed in 
more detail below. 

[0029] Vehicle 10 is fully equipped for operation on 
both land and water. The vehicle includes a dual horn 
system, witii a standard land horn enabled when in tiie 

10 land configuration and a marine torn enabled during tiie 
marine mode. The speedometer is functional in both 
land and marine modes. Body portion 12 includes 
marine running 36, as well as headlights, side marker 
lights, turn indicators, and braking lights, generally indi- 

15 cated at 38. During land operation, the headlights, side 
marker lights, turn indicators, braking lights and reverse 
direction lights may be operated as with a standard 
vehicle. When in the marine mode, tiie brake lights are 
disabled, witii the reverse direction lights being illumi- 

20 nated when the operator depresses the brake pedal to 
slow the vehicle, and the headlights function as the 
vehicle's docking lights. The illumination controls are 
automatically adjusted between a marine light configu- 
ration, witii the marine lights enabled during marine 

25 operation, and a land light configuration, with the stand- 
ard land lights enabled during operation in the land 
mode, as is discussed in more detail below. 
[0030] The vehicle 1 0 includes dual baffled safety fuel 
cells (not shown) located near the outer periphery of the 

30 vehicle. The fuel cells are constructed from a fuel resist- 
ent material, and include integral baffles that resist 
movement of the fuel in response to vehicle motion. The 
cells are further designed to deform rather than rupture 
on impact A tsatance tube (not shown) connects tiie fuel 

35 cells together, maintaining each with an equal level of 
fuel and allowing both to be fflled from a single source. 
One or more conventional dual marine fuel pumps (not 
shown) are connected to the fuel cells to supply tiie 
required fuel for operating tiie vehicle. 

40 [0031 ] The drive system of the amphibious vehici e 1 0 
of the present invention is shown in FIGS. 5 and 6. Drive 
system 44 includes a conventional internal combustion 
engine 46 and a conventional, multi -speed automatic 
transmission 48 for providing power while in botti tiie 

45 land and marine modes. A variety of commercially avail- 
able engines and transmissions may be used, for exam- 
ple one of the current 3.6, 5.0, 5.8 and 7.6 liter standard 
and high output Ford marine compatible engines and a 
compatible truck automatic transmission may be 

so selected. The engine 46 and transmission 48 are con- 
nected to provide power to means for providing land 
motive force, such as a final land drive 51 and a rear 
wheel drive shaft 52, and means for providing marine 
motive force, such as a marine drive or marine jet punp 

55 54. 

[0032] An electronic engine management arrange- 
ment or unit 47 (FIG. 16) is electrically connected to 
engine 46 to control operation of the engine, ensuring 
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the engine is operated at peak efficiency near the ideal 
air to fuel ratio of 14.7 to one. The engine management 
unit defines a pair of relationships of various engine 
operating parameters to one another. One of the rela- 
tionships defines engine operation during land opera- 
tion, and during the transition between the land and 
marine modes. The other relationship defines engine 
operation when the vehicle is in the marine mode. When 
cruising at moderate to high speeds in the marine 
mode, the marine jet drive power requirements are 
nearly directly proportional to the rate of vehicle speed. 
During operation on land, the rear wheel power require- 
ments are related to several variables. The engine man- 
agement unit adapts the management of the engine to 
either land or marine operation, depending upon the 
mode of vehicle 10. The vehicle of the present invention 
additionally includes a conventional cruise control sys- 
tem (not shown), modified to function at all speeds 
when the vehicle is in the marine mode. 
[0033] Drive system 44 further includes means for 
directing engine power to the land motive device, the 
marine motive device or the combination of the land and 
marine motive devices. One example of such directing 
means is provided by a final drive selector 50 which 
directs engine power to the rear wheel drive shaft 52 to 
drive the vehicle when on land, and to the marine jet 
pump 54 to propel the vehicle when one water. During 
the transition between the land and marine modes, the 
final drive selector directs engine power simultaneously 
to drive shaft 52 and the jet pump. When converting the 
vehicle from the land mode to the marine mode, drive 
selector 50 will supply power to both the rear wheel 
drive shaft and the jet pump until the marine drive 54 
has produced a minimum level of pressure for a mini- 
mum amount of time. During the marine-to-land transi- 
tion, power is supplied to both drive shaft 52 and the jet 
pump until marine drive 54 fails to produce the minimum 
level of pressure. 

[0034] In the present embodiment, final drive selector 
50 is provided by a split drive transfer case which trans- 
fers one input, the engine power, to two outputs, drive 
shaft 52 and jet pump 54. The final drive selector is cou- 
pled to final land drive 51 through universal joint 56. A 
marine drive shaft 58 coL43les drive selector 50 to the 
marine drive 54 through a pair of universal joints 60. 
During operation, the final drive selector will direct 
engine power solely to drive shaft 52, solely to marine 
drive shaft 58, or to the two drive shafts simultaneously. 
Thus, the engine drives the vehicle during land opera- 
tion and marine operation, and during the transition 
therebetween. 

[0035] The components of drive system 44 are 
mounted to vehicle frame 42 using vibration dampening 
mounts to provide smooth vehicle operation. The center 
of gravity of the drive system is below the horizontal 
centeriine of vehicle 10. The weight distribution pro- 
vided by the positioning of the drive system ensures the 
vehicle will tend to be self-righting if inverted during 



marine operation. 

[0036] Drive system 44 Is contained within a substan- 
tially enclosed area positioned below hinged deck 27 
(FIG. 4). To maintain an acceptable operating tempera- 

5 ture for the drive system and to remove combustible 
gases from the drive system, vehicle 10 includes means 
for circulating air through the drive system area. One 
example of such air circulating means includes an air 
inlet duct 62 formed in upper hull portion 14 on either 

10 side of the vehicle and an air outlet duct 64 formed at 
the rear of body portion 12 betmen steps 17 (FIGS. 1 
and 4). The air inlet and outiet ducts are positioned to 
take advantage of the areas of high pressure and low 
pressure generated around body portion 12 during 

IS operation of the vehicle. Air is circulated In a path 
traveling through inlet duct 62, into the drive train area, 
through external fluid cooling radiators (not shown) 
mounted to the underside of the hinged rear deck 27, 
and exiting from the vehicle through air outlet duct 64. 

20 The circulation of air supplies intake air to engine 46. 
removes heat generated by drive system 44, purges the 
drive system area of combustible gases, and provides 
the external air cooling radiators with air. A flammable 
gas detecting device is included within ttie drive system 

25 area. The detecting device alerts tiie operator to the 
present of combustible gases. In the preferred form, the 
detecting device is electrically connected to prevent 
ignition of the vehicle 10 until tiie drive system area is 
free of flammable gases. 

30 [0037] The air circulation system of the present inven- 
tion may additionally include a conventional water sepa- 
rator (not shown) positioned within the vehicle adjacent 
the entrance of inlet duct 62 to remove excess water 
from the air entering the vehicle. Additionally, an electric 

35 air fan (not shown) may be included near the inlet air 
ducts to ensure the constant circulation of air through 
the drive train area when the vehicle is operating at low 
speeds or is stationary. In addition to the air circulation 
system, vehicle 10 includes several additional conven- 

40 tional metiiods, not shown, of maintaining an accepta- 
ble drive system operating temperature. For example, 
the engine includes a water cooling system, an oil cool- 
ing system, and a water/oil heat exchanger for maintain- 
ing a minimum differential between engine water and 

45 engine oil temperatures. An external radiator is utilized 
with both tiie water cooling system and tiie oil cooling 
system. The transmission includes a fluid cooler, while a 
thermal barrier on the inside of the drive train cover 
reduces the temperature on the exterior sur^ce. 

so Exhaust and cooling pipes similarly have a thermal bar- 
rier wrap to reduce the temperature of the drive system 
area. 

[0038] Turning to FIGS. 7 through 1 0B, the retractable 
suspensions of tiie present invention will be described 
55 in detail. Ront and rear wheels 22 are mounted to front 
and reeir retractable suspension assemblies 70 and 71 
respectively The components of the suspension 
assemblies 70 and 71 will initially be desaibed in rela- 
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tion to the front suspension assembly 70. shown in FIG. 
8. Suspension assembly 70 includes fully independent 
suspensions 72 and 73. to which the front wheels 22 are 
mounted. As is discussed in more detail below, the inde- 
pendent suspensions are automatically retractable. A 
suspension frame rod 74 nmunted to the vehicle frame 
42 generally extends aaoss the width of the vehicle. 
The suspensions 72 and 73 are each secured to a 
respective collar and bushing 75 and 76 slidably 
mounted to the frame rod. Each collar Is formed with an 
internal diameter dimensioned to fit around the diame- 
ter of the frame rod 74. thereby allowing the bushings to 
slide along the length of the frame rod. The collars and 
frame rod 74 provide means for retracting suspensions 
72 and 73. The suspension assembly 70 is preferably 
electrically isolated to prevent electrolysis when in con- 
tact with water. 

[0039] With the retraction assembly of the present 
invention, suspensions 72 and 73 may be retracted by 
simply moving collars 75 and 76 to an extreme inward 
position, and extended by moving the collars to an 
extreme outward position. A double acting, pneumatic 
ram 78 is pivotably attached to the underside of frame 
rod 74 to move suspension 72 between the retracted 
and extended positions. The ram is pivotably attached 
to collar 75 by retaining nut 80. The double acting ram 
altematively exerts a pulling force and a pushing force 
to slide the collar 75 between the extreme Inside and 
extreme outside positions. A substantially similar pneu- 
matic ram 82 (FIG. 9A) is included to retract suspension 
73. It is to be understood that pneumatic ram 82 oper- 
ates in a manner substantially similar to that of pneu- 
matic ram 78. 

[0040] In the present embodiment, the components of 
suspension 72 are substantially similar to, and reversed 
relative to, suspension 73. Therefore, only suspension 
72 will be described in detail. Suspension 72 includes 
upper and lower A-arms 88 and 90 pivotably nx)unted to 
vehicle frame 42 for movement about a horizontal axis. 
The upper and lower A-arms are secured to vehicle 
frame 42 by way of mounting bushings 92 and 94 pro- 
vided on the proximate ends of the upper and lower A- 
arms. Bushings 92 and 94 are pivotably mounted on 
mounting adapters 96 and 98 which are bolted or other- 
wise secured to the vehicle frame 42. The upper arm is 
designed to carry vertical torque loads imparted on sus- 
pension 72, while the lower arm is designed to carry 
horizontal torque loads. A steering knuckle 100 is pivot- 
ably mounted for movement about an essentially verti- 
cal axis to the distal ends of upper and lower arms 88 
and 90 through upper and lower ball joints 1 02 and 104. 
[0041] The suspension 72 includes a dual coil and 
shock absorber 106 and 108 for providing acceptable 
riding conditions when the vehicle is driven on land, and 
allowing for retraction of the suspension for operating 
the vehicle in the water. A permanently sealed ball bear- 
ing 1 10 is provided at either end of the shock absorbers 
106 and 108 to provide smootii, even suspension posi- 



tioning. The shock absorbers are mounted to collar 75 
and upper arm 88 by nut and bolt assemblies 112. 
When pneumatic ram 78 moves collar 75 along the 
frame rod toward the exfreme inside, the upper A-arm is 

5 pulled upwardly by the dual shock absorber 106 and 
108. thereby moving the suspension to a fully retracted 
position. Wheel 22 is raised substantially above the 
waterline, and tire 24 seats against and partially seals 
with the exterior of lower hull portion 1 6 for marine oper- 

10 ation. When the pneumatic ram 78 pushes the collar to 
an extreme outside position, the upper A-arm is pushed 
downward moving the suspension to an extended posi- 
tion. Witi) the suspension fully extended, wheel 22 is in 
tiie lowered position for land operation. Bellow seals 

IS 109 are provided on suspension 72 to partially form a 
seal preventing water from entering the interior of the 
vehicle. The bellow seals may be substituted by other 
sealing devk^es. such as rubber flaps, to prevent the 
seepage of water into the vehicle interior. 

20 [0042] With the present invention, the wheels are 
raised and lowered by automatkally moving the collars 
along the frame rod 74. 

[0043] The construction of the suspension is carefully 
designed to provide the wheels with the normal caster 

25 and camber angles when lowered for land operation, 
and to allow the wheels to seat against and partially 
seal with the hull when in the raised position. 
[0044] Suspensions 72 and 73 are held in either the 
retracted position or the extended position by the oper- 

30 ation of pneumatic rams 78 and 82. To prevent acciden- 
tal retraction during land operation in tiie event the 
pneumatic rams fail, suspension retraction assembly 70 
furtiier includes means for securing tiie assembly in 
position. One example of such securing means is pro- 

35 vided by a secorxJary securement device 1 1 6 shown in 
FIGS. 9A and 9B. Securement device 116 includes a 
pair of elongated slats 118 and 120 each having one 
end pivotably mounted to a collar 75 and 76. The slats 
extend from the collars into a housing 122. An insulating 

40 member 1 24 within the housing separates slat 118 from 
slat 120. In the preferred form, the insulating member is 
l-shaped, having a channel formed for receiving each 
slat 

[0045] As the collar is moved along frame rod 74. the 
45 slats pass from opposite directions through housing 1 22 
along a respective channel of the insulating member. 
The securement assembly further includes a double 
acting, pneumatic ram 126 having a machined pin 128 
positioned to extend through apertures 129 formed in 
so frame rod 74 and apertures 130 formed in the housing 
and insulating member 124. The slats 118 and 120 are 
formed with apertures 132 positioned for alignment witii 
apertures 129 and 130 when the collars are moved to 
either the extreme inside or extreme outside position. 
55 When the suspension is either retracted or extended, 
tiie pneumatic ram pushes pin 128 through the aligned 
apertures 129, 130 and 132, securing tiie slats within 
tiie housing. If pneumatic ram 78 were to fall during 
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operation, the interengagement between pin 128 and 
slats 118 and 120 would prevent retraction or extension 
of the suspension. Before manipulating the suspen- 
sions 72 and 73. the ram is activated pulling pin 128 
from housing 120. allowing the slats to move freely 
along the channels allowing the collars to slide along 
frame rod 74. The pin 128 is machined such that when 
the pin is fully engaged and under pressure, the slats, 
the housing and insulating member 124 are com- 
pressed together, preventing rattle during vehicle oper- 
ation. If pressure fails, preventing extension of the pin 
128. an internal spring pushes pin 128 outward. 
[0046] Rear retractable suspension assembly 71 is 
shown In FIGS. 10A and 10B. The rear suspension 
assembly is substantially identical to suspension 
assembly 70. and includes independent suspensions 
134 and 135. Suspension 134 is similar to front suspen- 
sion 72. with the lower A-arm being replaced by rear 
wheel drive shaft 52. The rear wheel drive shaft extends 
from final land drive 51 to a rear drive hub 138 for pow- 
ering the vehicle during land operation. The distal end of 
upper A-arm 136 is provided with pivot bearings 140 
which are interference fit to mounting point 142 of rear 
drive hub 1 38. TTie rear wheel drive shaft 52 is mounted 
to rear wheel drive hub through universal joint 144. Rear 
wheel 22 and tire 24 is mounted to the exterior surface 
of rear wheel drive hub 138. When finsii drive selector 
50 directs engine power to final land drive 51, the rear 
wheel drive s^^ft rotates wheel 22 to drive the vehicle 
10 during land operation. 

[0047] Rear wheel drive hub 1 38 is pivotably mounted 
for movement about an essentially horizontal axis to 
upper A-arm 136 and rear wheel drive shaft 52. Since 
the rear wheel drive shaft is utilized as the lower control 
arm of suspension 134, the position of drive shaft 52 is 
raised sufficientiy to provide a high degree of vehicle 
ground clearance for entering and exiting the water. The 
construction of the suspension assembly 71 further pro- 
vides for proper rear suspension angles In both the 
retracted and extended positions. Since suspension 
134 is substantially similar, and reversed relative to, 
suspension 135, only suspension 134 is described in 
detail. 

[0048] When the suspensions are retracted or 
extended, critical moving components will be exposed 
to water. Vehicle 10 includes means for filling the space 
between critical parts with a hydrophobic lubricant sub- 
stance, such as an automatic greasing or lubricant sys- 
tem 145 which automatically lubricates the critical parts 
of ttie suspension systems 70 and 71 (FIG. 5). The 
lubricant system 145 includes a removable lubricating 
device or grease gun 146 having a pneumatically oper- 
ated trigger 147. Activation of the lubricating device 
automatically injects a measured quantity of a hydro- 
phobic lubricant to distribution blocks 148. The blocks 
1 48 distribute a portion of a hydrophobic lubricant, such 
as grease or another synthetic or petroleum product, to 
the critical parts of the suspension tiirough lines 149 



extending from each block 148. To grease other parts of 
the vehicle, for example the front wheel bearings, tiie 
operator may remove the grease gun 146 and manually 
lubricate the desired components of the vehicle. In tiie 

5 preferred form, a waming light is included for indicating 
a low level of a hydrophobic lubricant in tiie lubricating 
device, and a space is provided for retaining spare car- 
tridges filled with the hydrophobic lubricant. The lubri- 
cant system 145 is operated prior to each retraction or 

10 extension of the suspensions 72 and 73. Thus, the criti- 
cal parts of the suspension which would otiiennrlse be 
exposed to water are protected by a hydrophobic lubri- 
cant. 

[0049] As is apparent from tiie foregoing description. 

15 the suspensions are automatically retracted and 
extended, shifting the vehicle between land and marine 
operation. By pneumatically converting the vehk;te 
between land and marine modes, the suspensions may 
be effectively and reliably refracted. Witfi the present 

20 invention, the construction of the suspension retoBction 
assemblies 70 and 71 is simple and efficient. The sim- 
plicity substantially reduces construction and mainte- 
nance costs, making tiie vehicle 10 suitable for mass 
production. Further, the simplicity Increases the opera- 

25 tive life of the vehicle and postpones required mainte- 
nance. 

[0050] Vehicle 1 0 includes means for guiding the vehi- 
cle during both land and marine operation, such as a 
steering assembly 150. Turning to FIGS. 11 to 13, the 

30 steering system of the present invention will be 
described in detail. Steering assembly 150 includes a 
guidance an'angement which is automatically adjusta- 
t ble between a land configuration for operation when tiie 
vehicle is in ttie land mode and a marine configuration 

35 for when the vehicle Is in ttie marine mode. The guid- 
ance anrangement Is provided by a conventional rack 
and pinion unit 152 controlled by steering wheel 28 
through input shaft 153. A pair of steering control anns 
154 and 156 project outwardly from eitheriside of tiie 

40 rack and pinion steering unit, which translates rotation 
of the Input shaft Into lateral movement of the confrol 
arms. The distal end of confrol arm 154 is pivotably 
mounted to steering arm 155. which Is mounted to 
steering knuckle 1 00. witii the side-to-side movement of 

45 tiie control arm 154 altering tiie horizontal angle of tiie 
steering knuckle to confrol tiie direction of front wheel 
22. Confrol arm 156 is similariy mounted to a steering 
arm 157, which Is in turn mounted to a second steering 
knuckle to control the direction of another front wheel 

50 22. Thus, the rack and pinion steering unit steers tiie 
vehicle during land operation through the lateral move- 
ment of confrol arms 154 and 156. 
[0051] The present invention utilizes the sIde-to-side 
movement of the control arms to similarly guide the 

55 vehicle during marine operation. Steering assembly 1 50 
includes two parallel, rack frame rods 158 and 160 
mounted to vehicle frame 42. A pneumatic, single acting 
centering ram 161 having two pistons 163 and 165 
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extending from either side is positioned adjacent to the 
rack frame rods. Rack and pinion steering unit 152 is 
mounted to the centering ram through mounting brack- 
ets 162 and 164. and to frame rods 158 and 160 
through slldable adapters 166. which are canrled by the 
frame rods. The adapters 166 include a bushing 168 
formed wHh a flange 170 which is secured to the rack 
and pinion steering unit (FIG. 12) . Bushings 168. and 
therefore rack and pinion steering unit 152. are movable 
along the frame rods between vehicle frame 42 and stop 
flanges 173. 

[0052] During land operation, centering ram 161 is 
powered, forcefully projecting pistons 163 and 165 out- 
ward with equal force to engage bump stops 174 
mounted to vehicle frame 42. The centering ram is 
thereby secured in a stationary position, centering and 
preventing movement of the rack and pinion steering 
unit. In the land configuration, the lateral movement of 
control arms 154 and 156 alters the direction angle of 
steering knuckle 100 to steer the front wheels when 
driving the vehicle on land. 

[0053] For operation of vehicle 1 0 in tiie marine mode, 
centering ram 161 is not powered (FIG. 13), leaving the 
pistons free to float in a horizontal plane. In the marine 
configuration, the centering ram is solely supported by 
frame rods 156 and 160. since the pistons do not 
engage vehicle frame 42. The rack and pinion steering 
unit and the centering ram are moved in a lateral direc- 
tion as bushings 168 slide along frame rods 158 and 
160. During marine operation, the wheels are in the 
raised position and the tires seat against the lower hull. 
Since the wheels are held against the hull, the angle of 
steering knuckle 100 may not be altered by the side-to- 
side movement of control arms 154 and 156. instead 
the lateral movement slides the rack and pinion steering 
unit in a lateral direction along rack frame rods 1 58 and 

160. When in the marine configuration, the lateral 
movement of the rack and pinion steering unit controls 
the direction of thrust produced by marine jet punfip 54. 
A marine steering cable 176 Is mounted to rack and pin- 
ion steering unit 152 and attached to the marine drive 
steering gate 177 (FIG. 13). When the rack and pinion 
steering unit moves in a side-to-side direction, the steer- 
ing cable 1 76 manipulates the steering gate 1 77 to con- 
trol the direction of thrust. Thus, the vehicle is gukied 
during marine operation by rotating the steering wheel 
and changing ttie direction of the jet pump tiirust. 
[0054] Centering ram 161, when powered, securely 
centers the rack and pinion steering unit. In the event 
the centering ram fails, steering assembly 150 includes 
means for securing the rack and pinion steering unit in 
the centered position. One such means is provided by a 
secondary securement device 178 which includes a 
double acting, pneumatic ram 180 (FIGS. 11 and 12). 
The pneumatic rant 180 Is mounted to centering ram 

161, and includes a machined locking pin 182. A fail- 
safe locking flange 184 is mounted to rack frame rod 
1 58. When steering unit 1 52 Is centered, pneumatic ram 



180 is aligned with locking flange 184 and powered to 
ttiereby exert a pushing force driving pin 182 through an 
aperture formed in the locking flange. The interengage- 
ment between the locking pin 182 and the locking flange 

5 1 84 retains the rack and pinion steering unit in the cen- 
tered position should centering ram 161 fail during land 
operation. When operating the vehicle in the nnarine 
mode, pneumatic ram 180 is powered to pull locking pin 
182 from flange 184, tfiereby releasing the rack and pin- 

10 ion steering unit for movement along the rack frame 
rods. 

[0055] In another aspect of the present invention, 
vehicle 10 includes means for reducing the speed of the 
vehicle such as a braking system 181 , shown in FIG. 1 3. 

IS The braking system includes a braking arrangement 
having a land configuration for reducing the speed of tfie 
vehicle during land operation, and a marine configura- 
tion for reducing the speed of the vehicle during marine 
operation. For land operation, the braking system 

20 includes conventional disc brakes having a conventional 
master cylinder 183. When the operator depresses the 
brake pedal with the braking an^angement in the land 
configuration, the master cylinder exerts pressure on 
front calipers (not shown) and rear calipers 185 for 

25 exerting a clamping force on front and rear disc rotors 
(not shown) to slow the vehicle. Although not shown, the 
front calipers and disc rotors are nrx3unted to steering 
knuckle 100, while the rear calipers and disc rotors are 
mounted to rear wheel drive hub 138 as with conven- 

30 tional vehicles. 

[0056] Master cylinder 183 is connected by way of 
hydraulic line 186 to rear calipers 185 and a solenoid- 
actuated fluid control valve 187. When the braking 
arrangement is in the marine configuration, the fluid 

35 valve 1 87 is energized to hydrautically connect the mas- 
ter cylinder 183 to marine hydraulic line 188 and single 
acting ram 189. Depressing the brake pedal during 
marine operation induces the master cylinder 183 to 
hydraulically power ram 189 to manipulate thrust steer- 

40 Ing gate 191 . The steering gate 191 directs tine vertical 
direction of thrust produced by the marine jet pump 54 
in response to the degree of pressure applied to the 
brake pedal. When in the marine mode, the amount of 
pressure applied to the brake pedal proportionally 

45 increases the speed of tiie engine. Thus, when tiie 
brake pedal is rapidly depressed by the operator, tiie 
engine increases the amount of tiirust produced to 
quickly reduce the speed of the vehicle. When the brake 
pedal is fully depressed, tiie steering gate substantially 

50 reverses the direction of tiirust to substantially slow the 
forward progress of the vehicle. Safety switches (not 
shown) are preferably included to prevent tiie brake 
pedal from increasing the speed of the engine during 
land operation. Witii the vehicle of the present invention, 

ss the brake pedal is used to reduce the speed of the vehi- 
cle during both land and marine operation. The opera- 
tion of braking system 181 is automatically shifted 
between the land configuration and the marine conf igu- 
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ration by opening and closing fluid vatve 187. 
[0057] In an adcfitional aspect of the present invention, 
vehicle 10 indudes means for pneunnatically controlling 
the conversion of the vehicle between the land and 
marine modes. One example of such pneumatic con- 5 
trolling means includes a pneumatic system 190, shown 
in FIGS. 14 and 15. The suspension retraction assem- 
blies 70 and 71, the steering assembly 150, and the 
secondary securement devices 1 16 and 178 are con- 
verted between land and marine operation by the pneu- io 
matic system 190. The pneumatic system 190 includes 
a compressor 192 connected by a one-way fluid check 
valve 1 94 to an air filter 1 96 for removing any particulate 
contamination which may have entered the system 
through the compressor. In the preferred form, the air fit- is 
ter removes or traps water which is present in the air. A 
minimum pressure switch 198, connected In parallel 
with the air filter to the compressor, provides the opera- 
tion of the compressor so long as the pressure of the 
system is below a predetermined pressure level. 20 
[0058] An airAA/ater separator or dryer 200 removes 
any water remaining in the air exiting from the air filter. 
A main air supply tank 202 receives compressed air 
passing through the air/water separator, retaining a 
quantity of compressed air for shifting the vehicle 25 
between a land configuration and a marine configura- 
tion. In the prefen-ed form, the main supply tank holds 
sufficient air to complete two cycles of the suspension 
retraction systems. A pop-off valve 204 automatically 
bleeds compressed air from the system when the pres- 30 
sure exceeds a maximum level, preventing catastrophic 
failure of the pneumatic system. 
[0059] As Is shown particularly in FIG. 15, the com- 
pressed air held within supply tank 202 is selectively 
directed to power the pneumatic rams of the suspension 3S 
retraction system and the steering system to alterna- 
tively provide a pushing or pulling force by solenoid- 
actuated fluid valve 206. A solenoid-actuated fluid valve 
208 directs compressed air to power the pneumatic 
rams of suspension securement devices 116 and lubri- 40 
cant system 145 to either apply a pushing a pulling 
force. When valve 206 is energized to convert to a land 
configuration, air Is Injected into fluid line 210 to power 
the front and rear suspension system pneumatic rams 
78 and 82 to exert a pushing force, extending suspen- 45 
sions 72 and 73 and lowering the wheels 22. The steer- 
ing system centering ram 161 is powered to center the 
rack and pinion steering unit, and pneumatic ram 180 of 
the steering secondary securement device exerts a 
pushing force to safely retain the rack and pinion steer- so 
ing unit in the centered position. When the fluid valve 
206 is energized to shift to the marine configuration, air 
is injected into fluid line 212, powering the pneumatic 
ram to exert a pulling force, thereby retracting the sus- 
pensions and raising the wheels, and releasing the rack ss 
and pinion steering unit 152. Thus, the conversion of 
vehicle 10 between a land configuration and a marine 
configuration is pneumatically controlled by selectively 



energizing fluid valve 206. 

[0060] The operation of the suspension securement 
devices 1 16 and the lubricant system 145 is controlled 
by the actuation of fluid vatve 208. When energized prior 
to shifting between land and marine modes, air Is 
injected into fluid line 214. The pneumatic rams retract 
the locking pins firom irrterengagement with the respec- 
tive apertures and the greasing system is activated, 
injecting a predetermined quantity of grease to distribu- 
tion blocks 148. The pneumatic rams 126 extend the 
locking pins into interengagement with the respective 
apertures when the fluid valve 208 Is energized after 
shifting between modes of operation, injecting air Into 
fluid line 216. Thus, the pneumatic system of the 
present invention automatically controls the release of 
the suspension securement devices to move the sus- 
pensions between a retracted and an extended position. 
[0061] In a furtiier aspect of the present invention, 
vehicle 10 includes means for automatically converting 
the vehicle between a land configuration and a marine 
configuration. One example of such automatic convert- 
ing means is a vehicle transition control unit 220. shown 
In FIG. 16. As is desaibed above, the suspension 
retraction systems 70 and 71 , tiie steering system 1 50 
and the secondary securement devices 116 and 178 
are automatically shifted between modes of operation 
by selectively energizing a pair of f luM valves 206 and 
208. The braking system is selectively converted to a 
marine configuration by energizing fluid valve 187. Vehi- 
cle transition control unit 220 selectively energizes the 
respective fluid valves to change the configuration of tiie 
vehicle. The anrangement of the vehicle transition con- 
trot unit will be described In detail in relation to FIG. 16. 
A more detailed description of the operation of control 
unit 220, and the conversion of the vehicle between land 
and marine modes, is Included below with the discus- 
sion of FIGS. 17 and 18. 

[0062] The vehicle transition control unit 220 is electri- 
cally connected to means for sensing tiie condition of 
the vehicle, such as a plurality of conventional sensing 
devices 221. The manually actuable switch 34 is electri- 
cally connected to the control unit for initiating the tran- 
sition of the vehicle between land and marine operation. 
In addition, the cont'd unit 220 is electrically connected 
to the fluid valves 187, 206 and 208, the final drive 
selector 50, and the elecb'onic engine management 
control 47. The control unit 220 is configured to control 
ttie operation of the different components of the vehicle 
in response to input received from the various sensors. 
[0063] The operation of tiie marine drive 54 is control- 
led in response to input received by a minimum pres- 
sure sensing device 222 and a water sensing device 
224. The pressure sensing device is mounted in the 
marine drive 54 to detect tiie production of a minimum 
amount of water pressure, indicating the generation of a 
minimum amount of thrust. The water sensing device is 
mounted to the exterior of lower hull portion 1 6 to detect 
when tiie vehicle has entered a txxly of water. The jet 
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pump 54 is activated when the presence of water at the 
lower hull is detected. The marine drive will remain acti- 
vated so long as water is detected at the hull, or so long 
as the production of a minimum amount of pressure is 
detected. 5 
[0064] Once switch 34 has been activated to shift the 
vehicle between modes, the vehicle transition control 
unit 220 receives input concerning the status of pneu- 
matic system 190 and suspension retraction systems 
70 and 71 . A minimum pressure sensing device 226 is io 
included in the main supply line of the pneumatic sys- 
tem (FIG. 14). Mass proximity detecting devices 228, 
230 and 232 are mounted to suspension retraction 
assemblies 70 and 71 and steering assembly 150 
respectively to determine whether secondary devices is 
1 16 and 178 are in the engaged position. Mass proxim- 
ity detecting devices 234 and 236 are mounted to the 
front and rear suspension retracting devices 70 and 71 
to determine whether the front and rear suspensions 72 
and 73 are in the retracted or extended position. A mass 20 
proximity detecting device 238 is mounted in pneumatic 
line 210 to determine when the rack and pinion steering 
unit 152 is secured in the centered position. Alterna- 
tively, a minimum pressure sensing device may be used 
to determining the centering of steering unit 1 52. While 25 
in the preferred embodiment mass proximity detectors 
are used, other sensing means may be substituted, 
such as another form of magnetic switch or a conven- 
tion push type switch. Similarly, one or several sensing 
devices may be used to detect the status of the vehicle 30 
10. 

[0065] In response to input from the various sensing 
devices, the control unit 220 will direct the final drive 
selector 50 to drive the rear wheels 22 alone, both the 
rear wheels and marine drive simultaneously, or the jet 35 
pump 54 alone. The operation of the electronic engine 
management unit 47 is controlled by the control unit 
220. Further, the unlocking, raising and locking of the 
independent suspensions 72 and 73, and the unlocking, 
centering, and locking of the steering 150 are also con- 40 
trolled by the vehicle transition control unit. The control 
unit 220 further enables the illumination of the standard, 
land mode lights of the land configuration during land 
operation and the marine running lights of the marine 
configuration during marine operation. 45 

O pe ration QfthQ Ve hi c l e 

[0066] The operation of the vehicle, and the conver- 
sion between the land and marine modes will be so 
described in detail in relation to FIGS. 17 and 18. During 
land operation, the vehicle is operated in much the 
same manner as a standard car or truck. 
[0067] The operator depresses the gas and brake 
pedals to control the speed of the veNcle, and manipu- 55 
lates the steering wheel to control the vehicle's direction 
of travel. When in tiie land mode, the marine drive 54 
will be activated by the final drive selector 50 if the vehi- 



cle is driven through water. When the water sensing 
device 224 detects the presence of water at tiie lower 
hull 1 6, control unit 220 directs the activation of jet pump 
54. The jet pump will continue to operate so long as 
pressure sensing device 222 detects tiie production of 
sufficient tiirust to impart motion to the vehicle or water 
sensing device 224 detects tiie presence of water adja- 
cent the body portion 12. Thus, tiie amphibious vehicle 
of the present invention may be driven through water 
under force of the rear wheels and the marine jet pump 
without actually shifting to the marine mode. 
[0068] When an operator of tiie amphibious vehicle 
decides to use the vehicle 10 for transportation on 
water, tiie operator actuates switch 34 to initialize ttie 
conversion from the land to tiie marine mode and 
directs the vehicle into a body of water from the shore 
(FIG. 1 7). Once the vehicle is driven a certain distance 
into the water, tiie water sensing device 224 senses the 
presence of water at lower hull portion 1 6. In response 
to the presence of water, the control unit 220 directs the 
final drive selector 50 to simultaneously ti-ansmit power 
to the rear wheel drive shaft 52 and the marine jet pump 
54. During the ti^ansition between tiie land and marine 
modes, engine power is directed to botii tiie rear wheels 
and the jet pump to propel the vehicle, thereby prevent- 
ing inten-uption of the forward progress of the vehicle. 
[0069] The final drive selector 50 will continue to direct 
engine power to the rear wheel drive shaft while prepar- 
ing to retract suspension 72 and 73. Once the minimum 
pressure sensing device 222 detects the generation of 
sufficient thrust to impart motion to Uie vehicle and 
mass proximity sensor 238 senses tiiat the front wheel 
steering is centered, tiie control unit 220 energizes fluid 
valve 208 to release the secondary securement devices 
116 and activate lubrication System 145 to automati- 
cally lubricate critical parts of the suspension and steer- 
ing. The final drive selector 50 is then directed to 
transmit engine power solely to the marine jet pump. 
The vehicle is now propelled entirely by the marine drive 
54 for the remainder of the transition mode. 
[0070] Once the mass proximity detecting devices 228 
and 230 sense the release of secondary securement 
devices 116, the control unit energizes fluid valve 206 
(FIG. 16). A quantity of compressed air is injected into 
fluid line 212, powering pneumatic rams 78 and 82 to 
retract suspensions 72 and 73 and releasing pistons 
163- The wheels are raised, with the tires seating 
against and, together with split seals 31 and 33, sub- 
stantially sealing with the lower hull portion 16. To pre- 
vent accidental extension of the suspensions and 
lowering of tiie wheels during marine operation, tiie 
retraction of ttie suspensions is sensed and the fluid 
valve 208 energized. Pneumatic rams 126 are ener- 
gized, with pin 128 engaging slats 118 and 120 to 
secure the suspensions in ttie raised position. 
[0071 ] Once ttie mass proximity detecting devices 228 
and 230 detect that the securement devices 1 16 are in 
the engaged position, control unit 220 energizes fluid 
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valve 1 87 to open hydraulic line 1 88 and disable the rear 
brake lights. Depression of the brake pedal will now 
control hydraulic ram 189 to manipulate steering gate 
1 91 , thereby altering the direction of thrust to reduce the 
speed of the vehicle. The control unit 220 enables the 5 
marine running lights, disabling the brake lights and 
land side marker lights. To complete the transition to 
marine mode, the engine management control unit 
alters operation of the engine to adapt to marine load 
requirements. The engine is then efficiently operated in to 
a marine mode. 

[0072] The conversion of the vehicle to marine opera- 
tion is now complete. While the vehicle is in the marine 
mode, the operator drives the vehicle using the same 
controls as are used for land operation. With the present is 
invention, the vehicle is operated as a standard car or 
trucK rather than a boat, substantially reducing operator 
confusion. 

[0073] To initialize conversion of the vehicle from 
marine operation to land operation, the operator actu- 20 
ates switch 34 and directs the vehicle to the shore or 
docking area (FIG. 18). Once the marine mode has 
been deactivated by the operator, the vehicle transition 
control unit 220 enables the rear brake lights and the 
land side marker lights. The engine control arrangement 2s 
alters engine operation to the land configuration, opti- 
mizing the efficiency of the engine while the vehicle is in 
transition between the marine mode and the land mode. 
[0074] As with the transition to marine mode, the final 
drive selector 50 will direct power from engine 46 to 30 
both the rear wheel drive shaft 52 and the jet pump 54, 
enabling the operator to drive continuously and directly 
from the water onto land. Before driving the rear wheel 
drive shaft, the suspension must be extended to lower 
the front and rear wheels. The control unit 220 therefore 35 
energizes fluid valve 208 (FIG. 15). powering the pneu- 
matic rams to release securement devices 116, and 
provide the critical suspension and steering parts with a 
quantity of grease by actuating lubricant system 145. 
Once the control unit senses the release of the secure- 40 
ment devices, the fluid valve 206 is energized. This 
powers pneumatic rams 78 and 82 to extend suspen- 
sions 72 and 73. Pneumatic centering ram 161 is simul- 
taneously powered, centering and securing the rack 
and pinion steering unit 152. Once steering unit 152 is 4S 
centered steering gate 177 is also centered, with the 
thrust produced by the engine propelling the vehicle in a 
fbnward direction. Rotation of the steering wheel will 
now cause control arms 154 and 156 to steer front 
wheels 22. so 
[0075] The mass proximity sensing devices 234 and 
236 detect that the suspension has been extended, low- 
ering the wheels. The fluid valve 208 is then energized, 
powering the pneumatic rams 126 of securement 
devices 1 16 to secure the suspensions in the extended 55 
position. Final drive selector 50 directs engine power to 
the rear wheel drive shaft 52 and the marine drive 54, 
and the mass proximity sensing devices 228 and 230 



sense that the securement devices are in the engaged 
position. When the wheels contact land, the vehicle will 
be propelled by both the rear wheels and the jet pump 
as the vehicle exits the water. 
[0076] The marine drive 54 will continue to operate 
until the vehicle has left the water. Once the water sens- 
ing device 224 no longer senses water present at the 
lower hull portion 16. and the pressure sensing device 
222 no longer senses the production of a minimum 
amount of thrust the control unit 220 directs the final 
drive selector 50 to direct engine power only to the rear 
wheel drive shaft 52. The ampNbious vehicle 10 is now 
operating in the land mode. 

[0077] As is apparent from the foregoing discussion, 
the present invention provides an amphibious vehicle 
which may be efficiently and conveniently converted 
between a land mode and a marine mode. The only 
operator input necessary is the activation of the opera* 
tor actuable switch. The vehicle is fully functional during 
the transition mode, enabling the operator to continue 
forward progress while the vehicle is converted between 
the land and marine nrxxies. The construction of the 
present invention provkies an amphibious vehicle which 
is reliable, and which may be easily manufactured and 
maintained. 

Claims 

1 . An amphibious vehicle including 

a substantially buoyant upper hull portion, 
a substantially buoyant lower hull portion hav- 
ing a vehicle frame formed for mounting an 
engine to said vehicle frame, and 
said upper hull portion is formed separately of 
and thereafter bonded to saki lower hull portion 
to form an integral hull body. 
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ACTIVATE SWITCH TO 
SELECT MARINE MODE 



WATER DETECTED AT 
LOWER HULL? 



DIRECT ENGINE POWER TO 
REAR WHEELS AND MARINE 
JET 



MINIMUM THRUST 
PRODUCED BY MARINE. 
JET? 



FRONT WHEELS AND 
STEERING CENTERED?. 



N 



N 



1 



RETRACT SUSPENSION TO 
RAISE WHEELS AND 
RELEASE RACK AND 

PINION STEERING UNIT 



SUSPENSION RETRACTED? 



ENGAGE SECONDARY 
SECUREMENT SYSTEM 




OPEN HYDRAULIC VALVE 
TO ENABLE MARINE SPEED 

REDUCTION SYSTEM 



DIRECT ENGINE POWER 
SOLELY TO MARINE JET 



RELEASE SECONDARY 
SECUREMENT SYSTEM AND 
INJECT LUBRICANT 

BETWEEN CRITICAL PARTS 




DISABLE REAR BRAKE 
LIGHTS 



ENABLE MARINE RUNNING 

LIGHTS AND DISABLE 
LAND OPERATION LIGHTS 



DIRECT ENGINE 
MANAGEMENT ARRANGEMENT 

TO SELECT MARINE 
PARAMENTER RELATIONSHIP 



VEHICLE IN MARINE MODE 
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ACTIVATE SWITCH TO 
SELECT LAND MODE 






ENABLE REAR BRAKE 
LIGHTS 




i 


ENABLE VEHICLE SIDE 
MARKER LIGHTS 







DIRECT ENGINE 
MANAGEMENT ARRANGEMENT 

TO SELECT LAND 
PARAMETER RELATIONSHIP 



1 



ENGAGE SECONDARY 
SECUREMENT SYSTEM 




DIRECT ENGINE POWER TO 
REAR WHEELS AND MARINE 
JET 



RELEASE SECONDARY 
SECUREMENT SYSTEM AND 

INJECT LUBRICANT 
BETWEEN CRITICAL PARTS 




EXTEND SUSPENSION TO 

LOWER WHEELS AND 
CENTER" AND SECURE RACK 
AND PINION STEERING UNH 



SUSPENSION EXTENDED 
AND STEERING UNIT 
CENTERED? 



MINIMUM THRUST 
PRODUCED BY MARINE 
JET? 



WATER DETECTED AT 
LOWER HULL? 



DIRECT ENGINE POWER 
SOLELY TO REAR. WHEELS 



VEHICLE IN LAND MODE 



FIG. IB 
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